Objective: To evaluate associations between home environmental factors and BMI of young American-Indian children. Design: Cross-sectional and prospective study. Setting: School-based obesity prevention trial (Bright Start) on a Northern Plains Indian reservation in South Dakota. Mixed model multivariable analysis was used to examine associations between child BMI categories (normal, overweight and obese) and home food availability, children's dietary intake and physical activity. Analyses were adjusted for age, gender, socio-economic status, parent BMI and school; prospective analyses also adjusted for study condition and baseline predictor and outcome variables. Subjects: Kindergarten children (n 424, 51 % male; mean age 5 5?8 years, 30 % overweight/obese) and parents/caregivers (89 % female; 86 % overweight/obese) had their height and weight measured and parents/caregivers completed surveys on home environmental factors (baseline and 2 years later). Results: Higher fast-food intake and parent-perceived barriers to physical activity were marginally associated with higher probabilities of a child being overweight and obese. Vegetable availability was marginally associated with lower probabilities of being overweight and obese. The associations between home environmental factors and child weight status at follow-up were not significant. Conclusions: Findings indicate that selected aspects of the home environment are associated with weight status of American-Indian children. Obesity interventions with this population should consider helping parents to engage and model healthful behaviours and to increase availability of healthful foods at home.
Overweight and obesity are serious public health issues among children in the USA and disproportionately impact minority youth (1, 2) . Although national data are not available for American-Indian children living on reservations, a study with roughly 11 000 American-Indian schoolchildren found that 40 % of 5-year-olds were overweight/obese (3) . Based on data of low-income pre-school children from the Early Childhood Longitudinal Study Birth Cohort, 4-year-old American-Indian children had the highest prevalence of obesity (31?2 %) and exceeded that of each other racial group (4, 5) . Environments such as home, school and community interplay in the development of overweight or obesity (6) . The home environment, including parental weight status and family behaviours around food and physical activity, are influential, especially during early childhood (7) .
However, studies examining associations between home food availability or restaurant meal consumption among children, including American Indians, have found no associations with children's BMI (8, 9) . There are a few studies relating child BMI and dietary intake in young children (10) (11) (12) . Among school-aged children, higher vegetable consumption was associated with lower BMI among older girls (13) and sugar-sweetened beverage consumption with higher BMI among boys (14) . Fast-food purchasing increased the likelihood of being overweight for parents but not for their adolescent children (15) . Eating quick-service food twice weekly or more at baseline was positively associated with increase in BMI Z-score among 8-12-year-old girls three years later (16) . Both physical activity and inactivity play roles in the development of obesity. Most studies have focused on psychosocial correlates of physical activity and sedentary behaviours (17) and produced mixed results with weight status of young children (18) . There are no studies on correlates of physical activity in young American-Indian children, and a few studies with older American-Indian youth found positive correlations between television (TV) watching and prevalence of overweight or BMI (19, 20) . Examining factors within the home environment related to child overweight and obesity is essential to understanding the aetiology of these conditions and in developing interventions to prevent or reduce childhood obesity. Because of the high prevalence of overweight/obesity at early ages in American-Indian children and the likelihood of disparities associated with reservation life, it is especially important to understand if these factors contribute to obesity in children. The present study explored cross-sectional and prospective associations between aspects of the home environmentspecifically, parent report of food availability, child dietary intake frequency, child sedentary behaviours and parentperceived barriers to physical activity -and child BMI among young American-Indian children (4-8 years) living on a reservation.
Methods

Study sample and design
The present research utilized cross-sectional and prospective analyses from the Bright Start study, a grouprandomized controlled obesity prevention trial. The aim of Bright Start was to reduce excess weight gain among American-Indian children residing on the Pine Ridge Reservation in South Dakota, primarily through dietary and physical activity environmental changes at school. All fourteen elementary schools on the reservation participated in the study. Two cohorts of kindergarten students were followed for 15 months to the end of 1st grade. Baseline data of the first and second cohorts were collected in autumn 2005 and autumn 2006, respectively, before schools were randomized to intervention and control conditions.
Children and parents had their heights and weights measured and parents completed a self-administered survey that assessed sociodemographic characteristics, home food and beverage availability, and their child's and their own dietary and physical activity behaviours. The survey was pilot tested with eleven Lakota parents of children of the approximate age of those in the Bright Start trial; revisions were made where necessary. In addition, the Tribal Review Board reviewed the survey for cultural appropriateness. Student anthropometric measures took place four times throughout the study (baseline, end of kindergarten, beginning and end of 1st grade). For the present study, only baseline and roundfour (end of 1st grade) data were used. Body weight (kg) was measured to the nearest 100 g using a Tanita scale (model # TBF300A; Tanita Corporation of America, Inc., Arlington Heights, IL, USA). Height (cm) was measured to the nearest 0?1 cm using a portable stadiometer (Perspective Enterprises, Portage, MI, USA). Data were collected by trained study research staff, according to standardized protocols described by Lohman and colleagues (21) ; students were measured in schools and parents in schools and community centres.
Letters of consent were received from the parents/ caregivers of all kindergarten students who were measured. Parents/caregivers included mother/stepmother (67 %), father/step-father (9 %), grandmother (16 %) and other (8 %) . The other category included grandfather, aunt, uncle, guardian/foster parent, adoptive parent and other. Parents/caregivers will be termed parents for simplicity of reference. Of 472 kindergarten students enrolled across all schools at baseline, 454 children (96 %) had measures taken at baseline and 429 (94 %) at follow-up. Surveys were collected on 432 parents/guardians at baseline (95 %) and on 419 parents at follow-up (92 %); of these, 342 were the same parent/guardian at each time. Due to missing data, the current sample included 424 children. Study procedures were approved by the University of Minnesota's Institutional Review Board Human Subjects Committee, the Oglala Sioux Tribe and the Aberdeen Area Institutional Review Board.
Measures
Dependent variables BMI was calculated from the measured weight and height (kg/m 2 ) at baseline for the parents and children, and also at follow-up (end of 1st grade) for the children. For children, weight status categories were created using sexspecific BMI-for-age percentiles derived from the 2000 growth charts of the Centers for Disease Control and Prevention (22) . Normal weight was defined as BMI , 85th percentile; overweight as BMI $ 85th percentile but ,95th percentile; and obese as BMI $ 95th percentile. There were only a few (n 19) underweight children (BMI , 5th percentile), thus they were included with normal weight children. For parents, normal weight was defined as BMI , 25 kg/m 
Independent variables
Derivation of scales. Summative scales were derived for home food/beverage availability, child food/beverage intake, child screen time and physical activity. The derivation of any scale first involved factor analysis using all related items. Then the scale score was a simple sum over only those items within the first factor that had high internal consistency.
Home food/beverage availability. Parents reported whether forty-seven food and beverage items were available in their home in the past week (see Appendix). Response categories were '0 5 no' and '1 5 yes'. The home food/beverage availability questionnaire has been previously used in other studies with young children (23) and demonstrated moderate test-retest reliability (24) . Categories of foods and beverages were created by summing the affirmative answers in each category. Two scales were created on the availability of healthful (Cronbach's a 5 0?78) and unhealthful (Cronbach's a 5 0?78) foods/beverages. The fourteen-item scale describing availability of healthful foods included corn, peas, lettuce, carrots, tomatoes, green beans, broccoli, courgettes, other vegetables, peaches, pears, fruit cocktail, raisins and other fruits. The thirteen-item unhealthful food/beverage scale included fruit drinks, regular soda, Kool-Aid with sugar, sports drinks, French fries, potato chips (including corn chips, tortilla chips and Cheetos), cookies, doughnuts, cakes, candy, lunch meats, fried chicken and pizza.
Child food/beverage intake. In two separate questions, parents reported the frequency of their child's food and beverage (see Table 1 for content) consumption over the past month (see Appendix). Response categories were 'never', '1-3 times last month', '1-2 times a week', '3-4 times a week', '5-6 times a week', 'once a day' and 'more than once a day'. For the multivariable analysis, the frequencies were converted to occasions/d using the approximate equivalents Child screen time and physical activity. In separate questions, parents reported daily child screen time including TV and computer games during school days. The questions have been used previously, demonstrating acceptable reliability (23) . A three-item scale indicating parent report of his/her child's play outdoors was created (Cronbach's a 5 0?71). A five-item scale describing child and parent engaging in physical activity together was created (Cronbach's a 5 0?78). Examples of items included 'I do something physically active each week with my child' and 'When the weather is nice I go for a walk with my child'. Five response categories ranged from 'never' to 'always'. A seven-item scale was created to indicate parents' perceived barriers to their child's physical activity and screen time behaviour (Cronbach's a 5 0?66). Examples of items included 'Where we live it is safe for a child to play outdoors' and 'My child spends too much time playing video games'. Four response categories ranged from 'strongly agree' to 'strongly disagree'. Higher scores indicate more barriers.
Demographic characteristics. Child age at baseline was calculated using parent report of the date of birth. Principal component factor analysis was used to create a socio-economic status variable by combining items in five areas from the parent survey (i.e. parent education level, household income, unemployment, public assistance and resources in the home). This factor explained 42 % of the variation in the data. To validate this measure, three individuals familiar with the reservation and all of the schools ranked the schools for socio-economic status. Spearman rank correlations between these expert assessments and the mean 'relative SES' factor were high (0?78 and 0?88). The factor score is referred to as 'relative SES (rSES)' to emphasize that it is specific to the Bright Start population.
Statistical analysis
Descriptive statistics were used for demographic characteristics, frequencies of the home food/beverage availability and mean values of children's dietary intake frequency. Results for the outcome variable child BMI were reported as the probabilities of being normal weight, overweight or obese, which were calculated using inverse transformations of the logit function. Mixed model analysis of variance (PROC GLIMMIX) was used to examine cross-sectional and prospective associations between child BMI percentile categories and the home environment variables. In the prospective models, the associations between change in the predictor variables and child BMI at follow-up conditional on baseline weight status were examined. The predicted probabilities for each weight status at follow-up were reported for each weight status category at baseline. Separate analyses were conducted for each independent/dependent variable combination. All multivariable analyses were adjusted for baseline child age, gender, rSES and parent BMI. Prospective models were also adjusted for baseline outcome variables (child BMI), baseline predictors, age difference and study condition (intervention and control). The school variable was included in all the models as a random effect, accounting for the additional component of variance associated with a cluster sampling design where observations from students from the same schools may be correlated (25) . There were no gender differences in the associations between predictors and child BMI after controlling for covariates; thus, the final models pooled the genders. The P values are not used for hypothesis testing because we do not have a priori null hypotheses. Instead, P values are used to point to potentially interesting correlations between the outcome variable and predictors; thus we did not adjust the significance level to reflect multiple tests. All analyses were completed using the SAS statistical software package version 9?2 (SAS Institute, Cary, NC, USA).
Results
There were 51 % male and 49 % female children with a mean age at baseline of 5?8 (SD 0?5) years (range 4?7-7?9 years). At baseline, 29 % of the children were overweight or obese. The majority of parents in the study were female (89 %) and 86 % (mean age 35?6 (SD 10 There were no significant differences in the home food availability among child BMI categories, with the exception of whole milk which was more available in homes of overweight children (Table 1) . Over the past month, about a quarter of children consumed vegetables or fruits either never or only two times weekly and a third of them had these foods once daily or more. Whole milk was the most frequently consumed type of milk; close to 50 % of children consumed whole milk once daily or more, whereas only 19 % of them consumed skimmed milk this often (Table 2) .
On average, children spent 2 h watching TV and 0?6 h playing video games per school day (Table 3) . About 60 % of parents reported being physically active with their child each week and about 75 % reported that their child often or always plays outdoors after school. The vast majority of parents (93 %) reported that their child gets enough physical activity based on their own assessment of what was 'enough physical activity'; they also reported that it was safe to play outdoors (85 %). In contrast, about half the parents did not think there were places to be active in the community, and about a third did not think there were places near the house for their child to be physically active. Table 4 shows cross-sectional associations between the probability of a child being in a specific weight status and the home environment. With regard to home food availability and child BMI, the probability of being at normal weight, overweight or obese was very similar at the mean level of each explanatory variable. Our models allow us to compare the child weight status between two families which differ in home food availability by one standard deviation. For example, in families with higher availability of different vegetables without potatoes (one standard deviation higher) the probability of a child being at normal weight was higher by 4?1 % (from 71?3 % to 75?4 %), whereas the probability of being obese was lower by 2?3 % (from 13?5 % to 11?2 %). For vegetable and healthful food availability where the association with child BMI was statistically stronger, the difference in probabilities for each weight category was larger than in other food and beverage groups. For child intake frequency of vegetables, fruits and 100 % juice, the change in probabilities of being at normal weight, overweight or obese was in the expected direction. For example, in homes where child intakes were higher by one standard deviation, the probability of being at normal weight was higher and the probabilities of being overweight or obese were lower. The opposite was true for unhealthful foods/beverages with the exception of whole and skimmed milk intake. The more barriers to physical activity and screen time the parents perceived, the lower was the probability of a child being at normal weight and the higher the probability of a child being overweight and obese. Parent BMI was the most significant correlate of child weight status (P , 0?0001) in all models (data not shown). Table 5 presents prospective associations between change in the home environment and subsequent child weight status categories at follow-up conditional on baseline weight status between two families; one family follows the average response in availability or intake and the other changes by one standard deviation above the average. For example, a child at normal weight at baseline who is in a family with availability of different sweet snacks one standard deviation above the average will have 5?3 % decreased probability (from 80?0 % to 74?7 %) of being at normal weight at follow-up and 4?3 % increased probability (from 17?3 % to 21?6 %) of being overweight at follow-up. Because of the large number of potential variables, only the most interesting correlates at P , 0?20 are presented. Overall, baseline child weight status was the major significant predictor of weight status at follow-up (P , 0?0001) followed by parent baseline BMI. There were no significant prospective associations of child sedentary activities, parent-perceived barriers about screen time and physical activity and parent-child physical activity with child BMI categories.
Cross-sectional associations
Prospective associations
Discussion
The present study examined cross-sectional and prospective associations between home environmental factors and child BMI among young American-Indian children living on a reservation. Our findings indicate relatively low frequencies of fruit and vegetable consumption and are consistent with previous studies among American-Indian children living on a reservation (26) or in urban areas (20) .
The study findings indicated interesting associations between child weight status and parent report of the home environment. Cross-sectional associations showed that children in families with higher vegetable and healthful food availability and more frequent vegetable intake had higher probability of being at normal weight and lower probability of being overweight or obese. Previous research failed to show associations between home food availability and BMI among American Indians (20, 27) and among children from other racial groups (8) .
More consistent results have been observed with higher vegetable consumption and lower child BMI among slightly older children than our sample (13) . Children with more frequent skimmed milk consumption had Table 4 Cross-sectional associations between probability of a child belonging in a specific weight category and parent report of food/beverage availability, child dietary intake frequency, and perceived barriers to physical activity and screen time behaviours at baseline (n 424)*; kindergarten American-Indian children, Bright Start school-based obesity prevention trial, South Dakota, USA *Sample size may slightly vary in each analysis due to incidental missing data; all analyses were adjusted for child age, gender, relative socio-economic status specific to Bright Start population, and parent BMI.
-At the mean level of each predictor.
--Difference in probability of being in the indicated weight status for a child in a family with average level of home environment variables compared to a child in a family for which these variables are 1 SD higher than the average. yThe P value indicates the level of significance between the explanatory variable and the outcome (child weight status). JResponse categories for each item included 'No 5 0' and 'Yes 5 1'. Items in the food and beverage categories were summed to calculate the total number of affirmative responses. zVegetables without potatoes include corn, peas, lettuce, carrots, tomatoes, green beans, broccoli, courgettes and other vegetables. **Fruits include apples or apple sauce, bananas, oranges, peaches, pears, fruit cocktail, raisins and other fruits.
--Sugar-sweetened beverages include fruit drinks, regular pop and Kool-Aid. ----Salty snacks include potato chips (corn chips, tortilla chips and Cheetos), pretzels and sunflower seeds. yySweet snacks include cake, cookies, pies, ice cream, doughnuts, sweet rolls, Pop-tarts, muffins and candy. JJHealthful foods include corn, peas, lettuce, carrots, tomatoes, green beans, broccoli, courgettes, other vegetables, peaches, pears, fruit cocktail, raisins and other fruit. ***Unhealthful foods include fruit drinks, regular pop, Kool-Aid, sports drinks, French fries, potato chips, cookies, snack cakes, doughnuts, candy, lunch meat, fried chicken and pizza. a higher baseline probability of being overweight and obese and a lower probability of being at normal weight. Although this association was not in the anticipated direction, other studies with older children (9-14 years) found similar results (28) , attributing them to increased energy intake (28) . Reverse causation may be present as overweight/obese children may increase intake of skimmed milk to prevent further weight gain.
Fast-food consumption frequency one standard deviation higher than the mean at baseline was associated with a higher probability of a child being overweight or obese and with a lower probability of being at normal weight. Since there are only a few fast-food restaurants on the reservation, fast foods in the present study also includes foods purchased from convenience stores that sell fast foods as well. Other studies have also shown that fastfood purchases are positively associated with increased BMI Z-scores among children and adolescents (16) and with increased likelihood of being overweight among adults (15) . Fast foods tend to cost less than healthful foods; therefore, they may appear more practical for those who are economically disadvantaged (29) .
The children in our study spent fewer hours watching TV and playing video games per school week day than other 5-6-year-old American-Indian children living in urban settings (20) . The discrepancy may be partly due to measurement differences; in our study children's screen time was reported by parents, whereas in Gray and Smith's study it was reported by children (20) . Previous findings have shown higher BMI with higher levels of TV watching in 8-12-year-old American-Indian children (30) and among the general population of 6-year-olds (31) . However, in our study, screen time was not associated with children's BMI categories. In Saelens et al.'s study TV time included both school and weekend days, whereas we included only school days; this may have contributed to the lower average TV watching among our children (31) , since screen time may be higher on weekends.
An interesting finding was the association between parents' perceptions of barriers to physical activity and screen time and a higher probability of a child being overweight or obese at baseline. It is difficult to compare our findings directly with those of other studies because of differences in measurement. In another study, 8-12-year-old Table 5 Prospective associations between predicted shifts in probability of a child belonging to a category of weight status at follow-up and changes in the parent report of food/beverage availability and child dietary intake frequency from baseline to follow-up (n 424)*; kindergarten American-Indian children, Bright Start school-based obesity prevention trial, South Dakota, USA *Sample size may slightly vary in each analysis due to incidental missing data; all analyses were adjusted for baseline child age, gender, parent BMI, baseline predictors, age difference, study condition and relative socio-economic status (specific to the Bright Start population).
--Predicted shifts in probability of a child belonging to a category of weight status at follow-up conditional on initial category; comparing a child in a family for which availability or intake increases from baseline to follow-up by 1 SD above average v. the probability for a child in a family with just average change. yThe P value indicates the level of significance between the explanatory variable and the outcome (child weight status).
JResponse categories for each item included 'No 5 0' and 'Yes 5 1'. Items in the food and beverage categories were summed to calculate the total number. zSweet snacks include cake, cookies, pies, ice cream, doughnuts, sweet rolls, Pop-tarts, muffins and candy. **Unhealthful foods include fruit drinks, regular pop, Kool-Aid, sports drinks, French fries, potato chips, cookies, snack cakes, doughnuts, candy, lunch meat, fried chicken and pizza.
--Fruits include apples or apple sauce, bananas, oranges, peaches, pears, fruit cocktail, raisins and other fruits.
American-Indian children living on a reservation reported feeling unsafe when using their community bike path and a lack of resources to engage in physical activities (30) . Focus groups found similar concerns by American-Indian parents, who were reluctant to let their children play outdoors due to safety concerns and instead let them watch more TV (32) . Although causal inferences cannot be drawn from our cross-sectional findings, it may be important to consider barriers perceived by parents, especially of obese children, when developing measurements and interventions.
Prospectively we found few associations between categories of child BMI and home environment variables. Only the home availability of sweet snacks predicted an increased probability of being overweight and obese two years later for those who were at normal weight at baseline. The limited variation in the change of the predictor variables may be one factor that contributed to the lack of significant prospective findings. It is possible that the relatively strong effects of parent and child weight status at baseline attenuated any potential associations between variables of the home environment and child BMI at follow-up.
The two most significant and consistent predictors of child weight status were parent weight status in crosssectional models and parent and child baseline weight status prospectively. There is evidence supporting these associations among the general population (33, 34) . A retrospective cohort study of mainly white young adults indicated that when children were younger than 3 years, parent obesity status was the primary predictor of obesity in adulthood, whereas for children aged 3 to 9 years, parents' and children's obesity status became the primary predictor of obesity in adulthood (33) . As the children progressed to older age, the children's obesity status remained the strongest predictor (33) . Given the high prevalence of obesity among American-Indian populations, it is important that childhood obesity prevention programmes focus on preventing obesity and improving dietary behaviours of parents.
The findings of our study add to the limited research on the home environment and weight status of young American-Indian children. The inclusion of home food availability, dietary intake frequency of children and physical activity-related variables provides a more complete picture of the home environment on children's weight status. The comparison of the three weight categories permits the detection of differences in the home environment between categories. Finally, the inclusion of both cross-sectional and prospective data permits inferences about temporal associations.
Study limitations include the use of parent reports for the home environment, which may be subject to desirability bias and represents perceived rather than actual behaviours. Also, some parents may not be fully aware of the food their children consume at school. Fruit and vegetable consumption were each measured with a single question which may not capture the extent of intake of these foods and may lead to underestimation. The home food/beverage availability measure was adapted from a previously validated questionnaire with slightly older African-American children. Although all the scales do not contain the same number of items, we are looking at the relative difference within each scale to predict child BMI, and we are not comparing two scales of different foods with varied number of items. We did not measure the amount of foods; rather we measured the types of foods available. The amount of what is available at home might have more to do with consumption and therefore weight. Our measure does not address the fact that some families might have few different types of foods available but might have a lot of them, while other families might have a wide variety of foods available but have limited amounts. Parents reported availability and consumption of foods at home; however, since all children on the reservation are eligible for free school breakfast and lunch meals, availability of food at schools also plays an important role in children's overall dietary consumption.
Although the results are important for American-Indian children and families living on a reservation, they may not be applicable to other populations of children, especially older, more independent school-aged children.
Conclusions
The findings of the present study demonstrated the important role families play in the weight status of their young children, who depend on them for nourishment, role modeling and setting rules for physical activity and sedentary behaviours. The significant associations of parental weight status as well as home vegetable availability and intake on child weight emphasize the importance of targeting parents to adopt healthful eating behaviours and to prevent becoming obese themselves. The findings also indicated the importance of initiating health interventions at an early age in order to maximize success and prevent future weight gain.
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